The study of novels and the analysis of their plot, characters and other entities are time-consuming and complex tasks in literary science. The digitization of literature and the proliferation of electronic books provide new opportunities to support these tasks with visual abstractions. Methods from the fields of computational linguistics can be used to automatically extract entities and their relations from digitized novels, which can then be visualized to ease exploration and analysis tasks. This paper presents a web-based approach that combines automatic analysis methods with effective visualization techniques. Different views on the extracted entities are provided and relations between them across the plot are indicated. Two usage scenarios show successful applications of the approach and demonstrate its benefits and limitations.
INTRODUCTION
Common tasks in literary science are studying novels and analyzing their plot, characters and other entities. Literary scholars are interested in getting an overview of the plot and its characters, the relationships between them and their evolution during the plot (Phelan, 1989) . The digitization of literature and the proliferation of electronic books (ebooks) provide new means to support these tasks with visual abstractions that are automatically generated from ebooks.
Traditionally, literary scholars read and analyze novels in a sequential way by using so-called close reading. In contrast to this, Moretti introduced the idea of distant reading (Moretti, 2005) . Instead of carefully reading and analyzing a literary work, distant reading abstracts the text by providing visualizations such as graphs that depict the genre change of historical novels, maps to represent geographical aspects of the plot, or trees to classify various types of detective stories (Jänicke et al., 2015) . These visual abstractions can convey useful information and assist in exploring and understanding complex relationships, verifying hypotheses as well as forming new research ideas.
In order to provide visual abstractions for literary works, a combination of automatic methods and interactive visualization techniques is required. When dealing with ebooks, natural language processing methods are the first choice for automatic analysis. Using these methods, entities such as characters and places can be extracted from the ebooks. This enables the development of visual abstractions that allow to explore these entities and their relationships in more detail. In particular, a large interest has grown in web-based systems for literature analysis that are easy to use and do not require any skills in computational linguistics (Plaisant et al., 2006) . This paper presents a web-based approach that aims to provide literary scholars with visual abstractions to facilitate character analysis in novels. It utilizes automatic named entity extraction and visualizes relationships between characters and places based on co-occurrence analyses. The basic idea of the approach is to highlight patterns, such as specific characters and places or groups of characters that interact with each other at certain places over time. By offering several views, such patterns are made easily recognizable with our approach and provide the starting point for a deeper analysis. This can result in a better understanding of the plot, in particular related to the characters and their relationships.
The main contributions of this work are: 1) A webbased approach that offers a wide range of interactive features to facilitate character analysis in novels. 2) Several interrelated visual abstractions that enable the interactive switching to the corresponding text sources in the document.
The rest of the paper is structured as follows: Section 2 summarizes related work before our approach is detailed in Section 3. This is followed by two use cases demonstrating the applicability and usefulness of the approach in Section 4. Section 5 provides a discussion of the approach and Section 6 concludes the paper with a summary and outlook on future work.
RELATED WORK
Since our approach is concerned with the visual abstraction of text, we first summarize existing work in this area. Next, we report on visual analytics attempts in the field of literary science and review the systems that are most closely related to our approach.
Visual Text Abstraction
Several techniques for visually abstracting and summarizing text documents have been developed over the last years. One compact visualization method related to our approach is literature fingerprinting (Keim and Oelke, 2007) , which uses a pixel-based technique that represents each text unit as a single pixel and visually groups them into higher level units.
A related technique is used in Seesoft (Eick et al., 1992) , which has been designed as a visual fingerprint summarization of source code to graphically represent software statistics. The intention of Tilebars (Hearst, 1995) is the visual representation of search results similar to the fingerprint idea, while FeatureLens (Don et al., 2007 ) also uses a pixel-based attempt to explore interesting text patterns and to find co-occurrences in texts.
Another popular technique to visually summarize text are word clouds (Viégas and Wattenberg, 2008; Clement et al., 2009) . They usually depict the most frequently used words of a text with the font size scaled according to the word frequencies. Word clouds enable literature scholars to get a first impression of the main terms and topics of a text (Heimerl et al., 2014) .
To visualize relational information of a text document, approaches such as WordTrees (Wattenberg and Viegas, 2008) and PhraseNets (Van Ham et al., 2009) were suggested. They depict either syntactic, lexical or hierarchical relationships that exist between the words of a text as node-link diagrams. In contrast, (Oelke et al., 2013) use an adjacency matrix to encode the development of relations between entities across a text document.
Inspired by Munroe's hand-drawn illustration "Movie Narrative Charts" (Munroe, 2009 ), a new visual technique has emerged as so-called storyline or plot view visualization (Liu et al., 2013) . It aims to portray the dynamic relationship between entities in a story over time. (Tanahashi and Ma, 2012) as well as (Liu et al., 2013) propose design considerations and an efficient optimization approach for generating aesthetically appealing storyline visualizations.
Visual Text Analytics
In recent years, several approaches for visual text analytics have been introduced in different domains. Examples can be found in social media (Dou et al., 2012) , opinion mining (Oelke et al., 2009) or patent analysis (Koch et al., 2011) , among others.
There are also quite a number of visual analytics approaches in the field of literary science. (Jänicke et al., 2014) propose several techniques for the visualization and comparison of text that is reused in different documents in order to support literary scholars in discovering and exploring intertextual similarities. (Abdul-Rahman et al., 2013) present a rule-based solution for poetry visualization allowing for high-level interactions with the end users in a closed loop. They use glyphs to encode phonetic units and visual links to show phonetic and semantic relationships.
The VarifocalReader (Koch et al., 2014) supports literary scholars by combining distant and close reading and by enabling intra-document explorations through advanced navigation concepts. It integrates machine learning techniques, search mechanisms and several visual abstractions. (Oelke et al., 2013 ) discuss the analysis of prose literature by using the aforementioned literature fingerprinting technique. Their approach visually abstracts implicit relationships between characters and, at the same time, encodes their development within the analyzed novel. However, it does not allow to directly work with the text resource. ) present the system POSvis, which extracts named entities from literary text and focuses on the exploration of networks of characters. POSvis offers multiple coordinated views, including word clouds and self-organizing graphs, equipped with filter methods to review the vocabulary of novels. While this is closely related to our work, we do not pursue the goal to review the vocabulary in the context of one or more entities filtered by part of speech. Instead, we aim to support the analysis of characters and their relationships in the storyline of a novel, based on named entity extraction and co-occurrence analyses.
Another system closely related to our work is Jigsaw (Stasko et al., 2008) , which has been designed to support analysts during foraging and sense-making activities in collections of textual reports and other sets of documents. It provides multiple coordinated views including lists, scatter plots, word clouds and graph visualizations that allow tracking entities and exploring their relationships across the document collections.
Jigsaw has been designed primarily for interdocument analysis, whereas we are interested in intradocument analysis, i.e., we support the analysis of a single text document at a time. Apart from that, Jigsaw follows a rather generic approach that does not focus on fictional literature and the analysis of characters but provides general-purpose visualizations for different kinds of entities extracted from the documents.
VISUAL ANALYSIS
Our approach has been implemented as a web application that is easily available to literary scholars and other user groups, as it does not require any installation on the user's side. The implementation is based on standard web technologies and can be run with a modern web browser supporting HTML5, SVG, CSS, and JavaScript. 1 It provides different visual abstractions representing specific characteristics of the analyzed novel and highlighting search results that illustrate the development of characters in a storyline.
The web application offers automatic methods for importing novels, extracting characters and places and visualizing them. The developed visualizations include word clouds, fingerprints of characters and places, a graph representation indicating connections between characters and a plot view that illustrates the relationships between characters and places in a story over time.
Text Processing
There are a variety of formats for the digital representation of novels. One widely used format is EPUB, which is a free and open standard that encodes structure and layout information besides the actual text of the novel. Many digital libraries, such as Project Gutenberg 2 , offer ebooks in EPUB format or alternatively as plain text.
EPUB and plain text are also the two formats supported by our approach. It does not require the plain text to be structured in a specific way. However, if the structure of chapters or other metadata should be considered in the analysis, this information must be given in the text file. We therefore utilize some simple markup to structure ebooks provided in plain text, such as those by Project Gutenberg. The markup can be used to add chapter headings, line breaks and comments as well as other metadata (e.g., the title, author(s), publication date, publisher, edition or genre of a book) manually or automatically.
Once the ebook is loaded into the system, it is processed in a linguistic analysis pipeline, consisting of tokenization, sentence splitting and named-entity recognition. The implementation offers three different analysis tools that users can choose from: Stanford CoreNLP 3 , OpenNLP 4 and ANNIE 5 . All three tools perform state-of-the-art natural language processing (NLP) but use different techniques that each have their benefits and limitations. Depending on the use case and type of novel, users can select the NLP tool that is most suitable for the analysis. As this is often not clear from the start, they can also run the linguistic analysis several times with all three tools, compare the different outputs and choose the one that produces the best results. The current implementation only supports the processing of English texts; however, it can be extended to other languages if required.
The users can set several other parameters for the analysis and visualization. Most importantly, they can control whether stop words are removed and whether person and place names starting with a lowercase letter should be considered. However, these parameters are only shown on demand and are intended for the experienced user. By default, ANNIE is used for NLP processing and unlikely character and place names are removed, as these settings, in our experience, produced the best results for most of the novels we tested.
Overview Page
After an ebook has been linguistically analyzed, an overview page is shown, listing metadata about the book and providing links to the visual abstractions. As an example, the overview page of the classic adventure novel "Around the World in 80 Days" by Jules Verne is shown in Figure 1 b .
Some of the metadata (e.g., the title, author, and release date) is directly taken from the text source (if provided), while the determination other metadata (e.g., the number of words and chapters) requires some basic text analysis. Yet other metadata, such as the main characters listed on the overview page, can only be determined by using advanced text analysis, in the future. We intend to provide visual clues on the quality of automatic analyses (if available), for example, through color and opacity. This could help literary scholars to interpret automatically generated results. Furthermore, we want to let users steer and adapt techniques interactively according to their needs. As a result, automatic methods can be improved and applied to similar texts.
The current implementation of the detection of cooccurrences between entities is based on named entity recognition. We determine that two entities cooccur if they both appear at least in one sentence. This approach works well in many cases. However, it can be improved in various aspects. One option could be to let the literary scholars set the co-occurrences range variable, for example, several sentences or a whole paragraph. Additionally, methods for coreference resolution might be integrated, to detect more instances and compute more precise frequency values for entities. Coreference resolution is the task of resolving noun phrases to the entities that they refer to and there already exist robust methods (Raghunathan et al., 2010; Stoyanov et al., 2010) . Existing approaches are usually trained on non-fictional texts and have to be adapted (where appropriate) to the users' needs.
In the future, we plan to take the semantics of the text into account in order to better investigate the relationships between entities. Again, already existing approaches (Gildea and Jurafsky, 2002; Ruiz-Casado et al., 2007) could be integrated into our approach to provide the literary scholars with more information for their analysis. In general, we aim at supporting a broader spectrum of natural language processing methods in the future.
Another issue is the challenge of scalability when working with arbitrarily long novels. Most of our visual abstractions scale very well. However, the fingerprint visualization and the plot view become less useful with longer text. Since the available screen space remains the same, they are increasingly compressed until they overlap. To address this problem in the future, we could integrate a focus+context technique, such as fisheye distortion (Bederson, 2000) , to present detailed information in context, or an overview+detail approach to present multiple views with different levels of abstractions (Cockburn et al., 2009 ).
CONCLUSION
In this work, we presented an easily accessible webbased approach for visualizing the relation of characters and places in a novel. Our approach includes different natural language processing toolkits to extract named entities and possibilities to set parameters for variable analyses. Furthermore, we provide several visual abstractions, which support literary scholars with a flexible and comprehensive analysis of the novel characters. In particular, our approach facilitate distant reading and provide a starting point for new ideas, hypotheses and further analyses. All views enable literary scholars to jump to the corresponding text passage and thus allow for working with the text directly. We presented an implementation of the approach and provided two usage scenarios that illustrate its applicability and usefulness.
